Meningiomas are thought to arise from the arachnoidal cells of the leptomeninges and comprise approximately 15% of all primary intracranial neoplasms in adults.
resected due to their location. 2 In these cases, radiotherapy remains the standard treatment, since no medical therapy has been found to be clearly effective. A better understanding of the mechanisms by which meningiomas develop and progress may facilitate the development of more effective and directed nonsurgical therapies.
There is considerable evidence to suggest that the growth of meningiomas may be related to sex steroid hormones. Meningiomas are two to three times more common in women than in men. 3 , 4 Increased growth has been shown during pregnancy and during the luteal phase of the menstrual cycle. [5] [6] [7] Menopausal women have a greatly reduced risk of developing m e n i n g i o m a s . 8 An association between breast cancer and meningioma occurrence has been suggested by several studies. 9, 10 Furthermore, progesterone receptors (PR) have been found in 50-80% of human meningiomas, [11] [12] [13] [14] [15] [16] [17] and meningiomas expressing high levels of PR have a better prognosis and a higher survival rate. 11, 13, 14 However, the mechanisms by which sex steroid hormones contribute to meningioma growth remain poorly understood. We describe a patient who presented immediately postpartum with a seizure and a right frontal cerebral mass, later diagnosed as a meningioma. Subsequent imaging demonstrated a substantial decrease in size of the lesion, suggesting that factors associated with pregnancy had precipitated the patient's presentation and may have been responsible for the postpartum regression observed both clinically and radiographically. Surgically resected tumour tissue was assayed for PR, estrogen receptors (ER), epidermal growth factor receptors (EGFR), platelet-derived growth factor receptor B (PDGFRB), fibroblast growth factor receptor 2 (FGFR-2), and human placental lactogen (hPL). Clinical regression of meningioma in the postpartum period is well-recognized, but imaging data are limited. This case provides clear clinical and radiographic documentation of meningioma regression following delivery, as well as an immunohistochemical assessment of multiple growth factors. 
CASE REPORT
A previously healthy 33-year-old woman (G-3, P-2) presented in labor at 38-4/7 weeks of pregnancy to a community medical center. Her pregnancy had been complicated only by a marginal previa with bleeding at 20 weeks that had since resolved. She underwent a repeat cesarean section without complication and delivered a healthy female infant. On the third postoperative day, the patient had a first time focal motor seizure involving the face and tongue. Head CT and subsequent MRI scans were obtained at that time and revealed a 2.8 cm cystic ringenhancing lesion that appeared to involve the right frontal parenchyma, with extensive meningeal enhancement over the right cerebral hemisphere ( Figure 1A & 1B) . Multiple small discrete calcifications within the brain consistent with cysticercosis were also identified. Given these calcifications, the right frontal lesion was thought to most likely represent a neurocysticercosis cyst with acute inflammation; however, the possibility of a neoplasm could not be excluded. The patient was started on anticonvulsant medication, exhibited no further seizure activity and was referred to our institution for further evaluation.
The patient was seen at our institution approximately seven weeks postpartum. At that time she had remained seizure free, and her neurologic examination was normal. Given the results of her imaging studies and that her clinical history was one of improvement, it was the impression at that time that the frontal lesion most likely represented an inflammatory reaction secondary to cysticercosis. However, since the possibility of a neoplastic process remained, a repeat head MRI scan was obtained four months later (approximately six months postpartum). The 
Figure 3 Immunohistochemistry (IHC) sections. (A) IHC for progesterone receptors revealing a tissue region with positive nuclei (400X). (B) IHC for estrogen receptors showing no nuclei (400X). (C) and (D) IHC for PDGFR and FGFR-2, respectively, demonstrating diffuse staining in the cytoplasm of meningioma cells (400X).
repeat MRI scan showed a significant decrease in size of the right frontal lesion and loss of the cystic characteristics. The lesion appeared as a solidly-enhancing mass and now appeared to have a dural base, whereas before it had appeared to be intraparenchymal ( Figure 1C & 1D) .
Excisional biopsy of the lesion was performed without complication. Intra-operatively, a good subarachnoid plane was identified, no invasion of cortex was evident, and a complete gross total resection of the tumour was obtained. The postoperative course was unremarkable. Final pathology of the lesion was atypical meningioma, grade II (WHO). At last follow-up the patient continued to have a normal neurologic examination and to remain seizure free.
MATERIALS AND METHODS

Tumour Tissue and Pathology Review
Tumour tissue was obtained at the time of surgery, fixed in formalin, and embedded in paraffin blocks. Sections measuring 5-µm were obtained from each paraffin block and affixed to glass slides. These sections were used for hematoxylin and eosin (H&E) staining to confirm histopathological diagnosis and for immunohistochemical analyses.
Immunohistochemistry
Paraffin embedded sections were deparaffinized and hydrated through a series of graded alcohol washes. The sections were trypsinized in a 37°C water bath to unmask antigens and subsequently washed in phosphate buffered saline (PBS). Endogenous peroxidase activity was blocked with 3% hydrogen peroxidase. Avidin and biotin activity were blocked using a commercially available kit (DAKO; Carpinteria, CA). Sections were washed in PBS after each blocking. Slides were then incubated with one of the following: EGFR mouse monoclonal antibody (GR01, Oncogene Research Products; Boston, MA), PDGFRB mouse monoclonal antibody (sc-339, Santa Cruz Biotechnology; Santa Cruz, Ca), FGFR-2 mouse monoclonal antibody (sc-6930, Santa Cruz Biotechnology), hPL r a b b i t polyclonal antibody (A0137, DAKO), PR mouse monoclonal antibody (PgR 636, DAKO), or ER mouse monoclonal antibody (1D5, DAKO). Antibody dilutions, incubation time, and incubation temperature were as follows: EGFR (1:200, overnight, 4°C), PDGFRB (1:200, overnight, 4°C), FGFR-2 (1:100, overnight, 4°C), hPL (1:10,000, 30 hours, room temperature), PR (1:800, overnight, 4°C), and ER (1:150, overnight, 4°C). Tumour sections were incubated overnight with primary antibody at 4°C. Sections were then washed with PBS and incubated with secondary biotinylated linker antibody (LSAB+ Kit, DAKO), followed by incubation with horseradish peroxidase conjugated streptavidin (DAKO). Antibody was then detected using 3'3 Diaminobenzine (DAB Kit, Zymed; South San Francisco, CA). Slides were washed, counterstained with Gills #1 hematoxylin and nuclei were blued in PBS. For negative controls, adjacent corresponding sections were incubated without primary antibody. Positive controls were selected for each specimen as follows: EGFR (glioblastoma multiforme specimen with previously demonstrated EGFR gene amplification), PDGFRB (colon carcinoma specimen with previously demonstrated overexpression of PDGFRB), FGFR-2 (breast cancer specimen with known overexpression of FGFR-2), PR (breast cancer specimen with known overexpression of PR), ER (breast cancer specimen with known overexpression of ER), and hPL (human placenta tissue).
MIB-1 staining index was determined using MIB-1 antibody (Immunotech; Coulter-Beckman-Brea, CA) at 1:500 dilution using standard methodology. The sections were reviewed and scored by a neuropathologist (AB). MIB-1 staining index (PCI %) was defined as the number of MIB-1 positive cells divided by the total number of cells (1000), multiplied by 100; 1344 cells were counted.
RESULTS
Pathology
Gross inspection of the resected lesion demonstrated an ovoid, tan, rubbery, solid mass measuring 1.5 x 1.7 x 1.2 cm. P a r a ffin-embedded sections stained with H&E revealed a meningioma with increased cellularity and frequent mitoses (mitotic index = 5 mitoses/10 high-power fields) (Figure 2 ). Necrosis was not present. Based on these findings, the final diagnosis was atypical fibroblastic meningioma grade II (WHO).
Immunohistochemistry
Approximately 25% of nuclei stained positive with PR antibody ( Figure 3A) , with the degree of staining and number of positive nuclei varying by tissue area. There was a trace amount of ER staining ( Figure 3B ). Platelet-derived growth factor receptor B and FGFR-2 antibody staining was diffusely and strongly positive in a cytoplasmic pattern. (Figures 3C and 3D ). The degree of staining for each of these antibodies was of similar intensity throughout the tissue sections examined. Immunohistochemistry for EGFR and hPL was negative. Corresponding positive and negative controls for each antibody were appropriately positive and negative, respectively. The MIB-1 PCI% was 2.8.
DISCUSSION
We describe the presentation of a meningioma in the immediate postpartum period with subsequent rapid decrease in the size prior to any intervention. Using surgically resected tumour tissue, we have characterized the level of expression of several growth factors associated with pregnancy, including PR, ER, PDGFRB, FGFR-2, EGFR, and hPL.
The association between pregnancy and meningioma has attracted the attention of multiple investigators, although the exact relationship and the underlying mechanisms remain to be clarified. Review of the literature by Roelvink and coworkers 18 identified 28 cases of intracranial meningioma with initial presentation during pregnancy or within one week postpartum. Most of these reports focused on clinical presentation and management of this often complicated situation with only a limited number providing characterization of the tumour tissue (Table) and even fewer reports providing complete imaging data. Of the 25 patients with initial presentation during pregnancy, postpartum amelioration of symptoms within one week of delivery was identified in 48%. 1 8 I m p o r t a n t l y, since the incidence of meningioma does not increase significantly during pregnancy, these studies do not suggest a causal relationship between pregnancy and meningioma, but rather an increased frequency of symptomatic presentation during pregnancy.
The mechanism underlying pregnancy associated increase in meningioma size and peritumoural edema has not been well defined. Since meningiomas frequently express steroid receptors, it has been hypothesized that hormonal influences may be involved in the increase in tumour size by increasing blood volume and extracellular and intracellular fluid, as well as by increasing growth and proliferation of the tumour tissue. 5, 18, 19 An apparent correlation between the blood progesterone level and the manifestation of intracranial tumours has been suggested, although a definitive causal relationship has not yet been established. 18 Thus, it may be hypothesized that the decline in progesterone levels following delivery may contribute to a decrease in tumour volume and pertitumoural edema and account for clinical regression. However, since the symptomatic appearance of meningiomas during pregnancy is primarily confined to the second and third trimesters, it is unlikely that only progesterone is involved. 18, 20 The present case demonstrated immunostaining for PR and ER on approximately 25% and a trace number of tumour nuclei, respectively. This is consistent with previous assessments of meningiomas associated with pregnancy, in which PR are consistently present and ER are minimally present or absent ( Ta b l e ) .
2 0 -2 6 These receptors have also been studied in meningiomas not associated with pregnancy. Progesterone receptor and ER have been demonstrated in approximately twothirds and 10% of these cases, respectively. 27 The role of PR in the development of meningiomas is supported by several observations. In order to be biologically active, these receptors need to be located in the nucleus. In the majority of reported cases, including the present, PR are located in the nucleus where they are able to induce specific transcription. 12 In addition, PR expression is very low in normal meninges, suggesting that its increased expression is associated with meningioma tumourigenesis. 2 8 There are several observations that suggest that PR are more important in lowgrade than in high-grade meningiomas. There are, however, several observations that contradict the importance of progesterone in meningiomas. Progesterone receptors are more common in grade I meningiomas than in grade III meningiomas, occurring in 90% and 25% of these tumours, respectively. 11, 14 Furthermore, there is an inverse correlation between the degree of PR expression and mitotic index.
14 Thus, these data implicate PR in the growth of grade I meningiomas but suggest that other factors may be more important in anaplastic meningiomas.
Fibroblast growth factors are potent angiogenic factors and are mitogenic toward cells derived from neuroectoderm and mesoderm. 29, 30 Expression of fibroblastic growth factor has been demonstrated in up to 90% of meningiomas [31] [32] [33] and expression of FGFR-1 (FLG) and FGFR-2 (BEK) have been demonstrated in the majority of meningiomas. 32 Whether the fibroblast growth factor system is associated with meningiomas that present during pregnancy has not been established. The present case demonstrated staining for FGFR-2 on essentially all tumour cells visualized, consistent with fibroblast growth factors serving a growth factor role.
Expression of platelet-derived growth factor BB and PDGFRB has been shown in the majority of meningiomas studied, and the presence of an autocrine stimulatory loop has been suggested. [34] [35] [36] The activity of the PDGF system has not been established in meningiomas that present during pregnancy. The present case demonstrated PDGFRB antibody staining on essentially all tumour cells examined.
A report by Boyle-Walsh and coworkers 37 demonstrated a growth-stimulatory effect of hPL on human meningioma cells in vitro. This observation, coupled with the increased levels of hPL observed in the second and third trimester of pregnancy, led the authors to speculate a growth-stimulatory role of hPL o n meningioma cells in vivo. The present case did not demonstrate specific binding for hPL, making it unlikely that it had a role in this case.
Epidermal growth factor expression has been detected in 40%-100% of meningiomas investigated 38, 39 but is only present in trace amounts in normal CNS tissue. The present case did not demonstrate specific binding for EGFR antibodies, suggesting that the growth promoting factors for this tumour do not include epidermal growth factor.
Our understanding of the factors involved in the development and proliferation of meningiomas is evolving. Although the majority of meningiomas may be cured surgically, a significant subset exhibit aggressive behavior or have a complex location that precludes surgical cure. At present, radiation therapy is the only proven adjuvant therapy for meningioma. Development of additional adjuvant therapies would facilitate nonsurg i c a l management of meningiomas. The association of increased meningioma growth with pregnancy may ultimately provide important insight into the growth factors responsible for meningioma proliferation. The present report documents such a case, both clinically and radiographically, and provides the most extensive growth factor profile reported to date for such a tumour.
